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Yes, Virginia…



Points to Ponder
• Extremely low concentrations 

– Detected only because of improved technology
• Input is essentially constant 

– As is exposure of aquatic organisms
• Complex mixtures of compounds designed 

to be biologically active
– Potential additive/synergistic effects

• “Pass-through” suggests resistance to 
biodegradation
– Stable throughout manufacture/storage

• Need better fate and transport data to 
accurately assess impact



Skyrocketing Drug Sales

National Drug Intelligence Center, 2005



Antibiotic Use

Europe United States

Human 
Population

390 million 270 million

Human 
Antibiotic Use

7000 tons 4800 tons

Farm Animal 
Population

1.04 billion 1.96 billion

Farm Animal 
Antibiotic Use

3902 tons 15100 tons

Slide courtesy J. Cicmanec, USEPA



P-Listed Pharmaceuticals



U-Listed Pharmaceuticals



“Ignitable” Pharmaceuticals



Preservatives: Thimerosol & M-cresol

Heavy Metals: 
Selenium, Chromium 

& Silver

“Toxic” Pharmaceuticals 



• Medications remain accessible long after 
their expiration dates

• Used/abused by persons other than the 
original recipient
– OxyContin and Vicodin are the prescription 

drugs most commonly abused by teens 

No Disposal

http://www.monitoringthefuture.org/



• Accidental poisoning of children, 
other vulnerable populations

• Accidental poisoning of pets and/or 
wildlife

Improper Disposal



“Old-Fashioned” Disposal

• Flushed to WWTP or 
on-site system

• Ultimate discharge to 
surface water and/or 
groundwater

• Implicated in 
feminization of male 
fish

• Overall impact largely 
unknown



Who Cares?

• Environmental professionals
– Effects on ecosystems and resident organisms

• Health professionals
– Accidental poisonings and attempted suicides
– Inappropriate dosing
– Potential impacts on human health from 

environmental contamination
– Poor adherence may cost US $177 billion/year 

and is associated with 40% of nursing home 
admissions

Slide courtesy Ann Pistell, Maine DEP



Who Cares? (cont’d)

• Law enforcement
– Diversion and associated crimes

• Government
– Waste management costs
– Wasted health care dollars
– Increased health care costs
– Cost of environmental degradation
– Increased law enforcement costs

Slide courtesy Ann Pistell, Maine DEP







82 of 95 compounds 
detected at least 
once
1 or more 
compounds in 80% 
of streams
As many as 38 
compounds per 
sample
Only ~5% > 1 ppb
Total concentration 
as high as 80 ppb

General Results for Surface Water
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Kolpin DW, et al. Pharmaceuticals, hormones, and other organic 
wastewater contaminants in U.S. streams, 1999-2000--A national 
reconnaissance. Environ Sci Technol 2002; 36: 1202-1211.



Preliminary Groundwater Results

• Detections at 
~ 98% of 
sites 
sampled

• 45 of 82 
compounds 
found at least 
once

• As many as 
19 found in a 
given sample
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Barnes KK, et al. Pharmaceuticals and other organic wastewater 
contaminants in groundwater.  Sci Total Environ 2008, in press.



Aquatic Impacts

• Antidepressants, birth control drugs, other 
medications detected in fish tissue
– Causing neurological, biochemical, and 

physiological changes
• Males with female characteristics found in 

Potomac, Mississippi, and Colorado 
Rivers and in Los Angeles/Orange County
– Also altered sex ratios



Solutions?

• Use less medication
• “Green” drugs (and 

other products)
• Improved drug 

delivery systems
• Changes to 

wastewater 
treatment facilities



Disposal Guidance

http://www.deq.state.mi.us/documents/deq-ess-cau-rxbrochure.pdf

http://www.whitehousedrugpolicy.gov/drugfact/factsht/proper_disposal.html
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